Objectives: To analyze outcomes and to provide follow-up for our increasing patient cohort with esthesioneuroblastoma.
Conclusions:
Excellent outcomes for esthesioneuroblastoma are achievable. Long-term follow-up is necessary because of the extended interval for recurrent disease; unlike most sinonasal malignancies, surgical salvage is possible. Surg. 2006; 132:134-138 E STHESIONEUROBLASTOMA IS an uncommon neoplasm of the nasal cavity, constituting 3% of all endonasal tumors. Since it was first described by Berger and Luc 1 in 1924, only approximately 1000 cases of esthesioneuroblastoma have been reported in the world's literature. 2 The optimal treatment modality for esthesioneuroblastoma continues to be debated because of reports with a limited cohort size and treatment inconsistencies for this rare tumor. Surgery and radiotherapy (RT) are still used by some institutions as single modalities despite the lack of support for single-modality treatment regimens, 3, 4 while many other institutions favor surgery followed by RT. [5] [6] [7] [8] The use of combined modality treatment with surgery, RT, and chemotherapy in various combinations has been increasingly adopted over the past few years. 9, 10 Often, even within the same institution, different treatment modalities may be used, reducing the power of analysis for this already small group of patients. We have consistently applied a standardized treatment protocol for esthesioneuroblastoma at our institution over the past 28 years. We have also shown that monitoring beyond the standard 5-year period is necessary. 11 This article continues to evaluate and report the results of this standardized protocol with significant long-term follow-up and shows that excellent cure rates are possible for this unusual tumor.
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METHODS
The clinical records of all patients diagnosed as having esthesioneuroblastoma at the University of Virginia Health System from September 1, 1976, to May 30, 2004, were retrospectively reviewed. We focused on the analysis of patients who were diagnosed as having the tumor after 1976, because this marked the year when standardized treatment for this group of patients was implemented at our institution. 12, 13 The patient population was obtained from a tumor database maintained by the Department of Otolaryngology-Head and Neck Surgery. Institutional review board approval was obtained before the initiation of the study. All patients included in the study were cared for by a multidisciplinary team consisting of otolaryngologists-head and neck surgeons, radiation and medical oncologists, neurosurgeons, neuroradiologists, and neuro-ophthalmologists. Computed tomography and, later in the series, magnetic resonance imaging were used to assess the full extent of each tumor before commencement of treatment. The patients' tumors were staged based on the clinical and radiologic presentation according to the Kadish classification. Kadish stage A refers to disease confined to the nasal cavity; stage B, disease confined to the nasal cavity and 1 or more paranasal sinuses; and stage C, disease extending beyond the nasal cavity or paranasal sinuses and including involvement of the orbit, base of the skull, or intracranial extension and cervical metastatic disease or distant metastatic sites.
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TREATMENT
Patients whose disease was Kadish stage A or B esthesioneuroblastoma received preoperative RT to 5000 cGy, followed by a craniofacial resection that was performed in combination with the neurosurgical team 4 to 6 weeks after the completion of RT.
Patients with Kadish stage C disease were treated with preoperative sequential chemotherapy and RT followed by craniofacial resection. The chemotherapy regimen initially consisted of cyclophosphamide and vincristine sulfate, with the addition of doxorubicin in a selected group of patients. Patients who had a good response to the chemotherapy would receive a second cycle of chemotherapy. All but 2 patients with Kadish stage C esthesioneuroblastoma received neoadjuvant chemotherapy. Craniofacial resection was performed by the surgical teams, with technical details as highlighted in previous reports.
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STATISTICAL ANALYSIS
The Kaplan-Meier method was used to estimate the probability of recurrence or death. Death caused by the disease was treated as an end point for disease-specific survival, while other deaths, such as postoperative deaths, were treated as censored observations. The subsequent period was defined as time from surgery to time of last follow-up or death, or recurrence when the studied event was a recurrence.
RESULTS
Between September 1, 1976, and May 30, 2004, 60 consecutive patients with esthesioneuroblastoma were examined at our institution. Ten patients were excluded from this analysis because either they did not receive complete treatment at our institution or the surgical procedures were palliative. The remaining 50 patients received our standardized treatment protocol and formed the basis of this study. The pathological results were reviewed at the University of Virginia Health System and confirmed as esthesioneuroblastoma in all patients. The patients with sinonasal undifferentiated carcinoma, which may be confused with Hyams grade 4 esthesioneuroblastoma, were excluded from this analysis. [18] [19] [20] The demographics are as follows. The patients ranged in age from 9 to 77 years (mean age, 43.6 years), with 26 males and 24 females. The number of patients was greatest in the fourth to sixth decades of life.
Most of the 50 patients presented with nasal symptoms of obstruction (38 [76%]) and epistaxis (21 [42%] ). Eye symptoms of visual disturbance (5 patients [10%]) and exophthalmos (4 patients [8%]) were also present. Other symptoms included headache in 15 patients (30%), nasal polyp in 8 (16%), epiphora in 3 (6%), and cervical metastases in 3 (6%).
The extent of tumor was noted on imaging to involve the maxillary sinus in 14 patients (28%), the sphenoid sinus in 7 (14%), the frontal sinus in 4 (8%), erosion of the cribriform plate in 21 (42%), the intracranial area in 12 (24%), and the pterygopalatine fossa in 1 (2%). Orbital invasion was noted in 19 patients (38%).
The tumors were Kadish stage A in 4 patients (8%), stage B in 14 (28%), and stage C in 32 (64%). As previously stated, the patients with Kadish stages A and B disease received preoperative RT followed by planned craniofacial resection 4 to 6 weeks later, while those with Kadish stage C disease received neoadjuvant sequential chemotherapy and RT followed by craniofacial resection. The mean follow-up is 93 months (7.8 years), with a range of 1 to 330 months.
There are 7 patients (14%) who have died of disease, while 2 (4%) have died of unrelated causes. The diseasefree survival was 86.5% and 82.6% at 5 and 15 years, respectively ( Figure) .
There were 17 patients (34%) who developed recurrent disease, most of which was locoregional (12 patients [71%]) ( Table 1) . There was a long interval to relapse (mean, 6 years), with the longest time to regional recurrence being 10 years. Distant relapses occurred sooner, with poorer outcomes (3 of 5 are dead of disease). Most distant metastases were in the bone. Of these 17 patients, 7 (41%) underwent successful salvage surgery and remain free of tumor, while 3 (18%) remain alive with disease.
Despite using RT and chemotherapy before craniofacial resection, we did not experience significantly higher complication rates compared with other series (Table 2) , consistent with prior findings. 12 There were 10 patients with postoperative neurological complications. Five patients had cerebrospinal fluid leaks, 4 of which were treated conservatively with lumbar peritoneal drains and 1 of which required no therapy. None of the patients in this series, since 1997, have had a postoperative cerebrospinal fluid leak as a complication of surgery, which we attribute to improving surgical expertise and coordination between the teams of neurosurgeons and head and neck surgeons. We also believe that the creation of a watertight seal to separate the intracranial contents and the nasal cavity with the use of a fat-fascia graft together with fibrin glue has a positive effect, although we did not find a statistical correlation on analysis. There was 1 patient with elevated intracranial pressure, 3 patients with pneumocephalus who were treated with surgical decompression, and 1 patient with stroke syndrome that caused temporary left hemiplegia that completely resolved. There were no cases of meningitis, and this again emphasizes the value of achieving a watertight seal. Complications resulting from chemotherapy were few (5 [17%] of 30 patients), with only 2 major complications (acute myocardial infarction and bilateral vocal cord palsy). There was 1 patient with peripheral neuropathy, 1 with digital paraesthesia, and 1 who developed herpes zoster during his treatment. Complications related to RT included orbital problems of cataracts in 2 patients and keratopathy in 1 patient. Of the 50 patients, 8 developed systemic complications that were not life threatening. Of these 8 patients, 1 had hyponatremia; 1 experienced respiratory arrest, from which he fully recovered; 2 had an abdominal wound seroma from the fat-fascia graft harvest site; 2 had diabetes insipidus; 1 had a pulmonary embolism that was treated by anticoagulation; and 1 had hypothyroidism. The infectious complications were few (3 [6%] of 50 patients), with 2 patients having infected bone flaps that required removal and 1 having an epidural abscess that was surgically drained.
COMMENT
This series represents many patients with esthesioneuroblastoma who have been treated at a single institution using a standardized protocol with an extended followup. Since the publication of previous results with 35 patients, 11 we have continued to evaluate our results and show that long-term effective control can be achieved when neoadjuvant therapy is combined with aggressive surgical resection. Most of our patients (64%) presented with advanced Kadish stage C disease.
In a recent review of 945 patients by Broich et al, 2 the Kadish classification was applied retrospectively, revealing that 18% of the patients had stage A, 32% had stage B, and 49% had stage C disease. Of the patients with a minimum 5-year follow-up, survival rates for combined therapy, surgery, and RT were 72.5%, 62.5%, and 53.8%, respectively. Dulguerov et al 21 more recently performed a metaanalysis of publications between 1990 and 2000, detailing treatment of esthesioneuroblastoma. The treatment modalities analyzed were surgery alone; surgery and RT; RT alone; a combination of surgery, RT, and chemotherapy; RT and chemotherapy; and chemotherapy alone. Statistical analysis compared the different treatment modalities against the approach with the highest average survival (surgery and RT). They identified 26 studies that described 390 patients with esthesioneuroblastoma. Overall survival at 5 years was 41%, with data extracted from 24 publications. They found that the combination of surgery and RT was the most frequently used treatment (44%) and was associated with the best average survival results (65%). Survival results were 48% for surgery alone, 37% for RT alone, 40% for chemotherapy alone, and 51% for RT plus chemotherapy. They concluded that combination surgery and RT seemed to be the optimal approach to treatment, with single-modality treatment being reserved only for a patient with a small tumor located well below the cribriform plate. Even then, postoperative RT seems justified in almost all patients to keep the risk of local recurrence to a minimum. 21 While the use of chemotherapy has been arbitrary in most institutions, we have consistently treated patients with Kadish stage C disease with chemotherapy as part of our multimodality protocol. Our philosophy is based on the principle that these tumors share certain biological characteristics with other chemosensitive tumors of neutral crest origin (neuroblastomas, high-grade neuroendocrine carcinomas, and primitive neuroectodermal tumors). 22 Esthesioneuroblastomas are chemosensitive tumors, and our preoperative regimen includes cyclophosphamide, 650 mg/m 2 ; and vincristine, 1.5 mg/m 2 , with a maximum dose of 2 mg. Our cohort tolerated the chemotherapy well, with few adverse effects, the most significant being a patient who sustained an acute myocardial infarction and another who developed bilateral vocal cord palsy, necessitating a tracheotomy. With a mean extended follow-up of 7.8 years, we have demonstrated a disease-free survival of 86.5% and 82.6% at 5 and 15 years, respectively.
Late relapse is a particular feature in patients with esthesioneuroblastoma. 6, 23 In this series, local recurrence developed in 4 patients a mean of 72 months following definitive treatment. The first patient with stage C disease developed recurrence in the sphenoid sinus and clivus 7 months after initial treatment, but was successfully treated with salvage chemotherapy, while the second developed recurrence in the left frontal lobe 155 months after initial treatment and again was successfully treated with salvage surgery and chemotherapy. The remaining 2 patients developed recurrences in the orbit/cavernous sinus and anterior cranial fossa, respectively, and have died of disease. Of the 8 patients in whom delayed cervical metastases developed, the mean time of recurrence following definitive treatment was 76.8 months. There were 4 patients who sustained 2 to 4 episodes of cervical recurrences, despite surgical and adjuvant therapeutic intervention. In this group with cervical recurrences, 4 (50%) of 8 patients were successfully treated with salvage neck dissection and adjuvant RT, while 2 remain alive with disease. There were 5 patients who developed distant metastases following definitive treatment, and these patients had a shorter mean time to recurrence (only 13.4 months). The outcome is generally poor in this group of patients, with 3 of 5 having died of disease and 1 remaining alive with tumor despite adjuvant treatment. Despite the patients with distant recurrences, we continue to recommend that aggressive salvage therapy be undertaken because this can be beneficial as either extended palliation or extended survival.
The role of elective neck treatment for esthesioneuroblastoma remains controversial. The incidence of cervical metastases in recent publications 24, 25 has ranged from 17% to 33%. Furthermore, the presence of palpable lymph nodes at presentation has been a poor prognostic factor for survival (eg, the 5-year survival was 0% in patients in whom nodes were present and 65% in those in whom they were absent). 10 This has prompted several researchers to propose that elective nodal treatment, mainly in the form of RT, be considered in selected patients. In our series, the number of patients who ultimately developed neck node disease was 10 (20%). In their series of 22 patients with esthesioneuroblastoma who received RT at the University of Florida, Monroe et al 25 performed elective neck RT in 11 of 20 patients; 2 patients had cervical metastases at presentation for RT. They found that cervical metastases ultimately occurred in 6 (27%) of the 22 patients. No neck recurrences occurred in the 11 patients treated with elective neck RT, compared with 4 neck recurrences (44%) in the 9 patients not receiving elective irradiation. They suggest that there is a higher cervical failure rate than previously recognized and that elective neck RT should be considered in the routine treatment of esthesioneuroblastoma. We did not routinely treat the necks electively in our patient cohort to avoid additional morbidity to the patient who is already undergoing craniofacial resection, and have performed salvage neck dissections in those who subsequently developed cervical recurrences.
Several series have focused recently on the role of endoscopic resection for esthesioneuroblastoma. Initial reports 26, 27 recommended the use of endoscopic surgery followed by stereotactic radiosurgical ␥ knife therapy. Casiano et al 28 described a series of 5 patients with Kadish stage A or B esthesioneuroblastoma who underwent endoscopic resection and immediate reconstruction of the anterior skull base. Their study included primary and secondary salvage treatment, and all patients were treated with adjuvant external beam RT. They showed no local recurrence, with a mean follow-up of only 31 months. A recent series 29 had 7 patients with esthesioneuroblastoma who underwent endoscopic excision of the nasal and sinus components, together with anterior craniotomy for the removal of the cribriform plate or anterior cranial fossa tumor extension. All patients received adjuvant RT and, with a mean follow-up of 62.3 months, 2 of the 7 patients had recurrences. We believe that craniofacial resection still remains the gold standard by which all other treatments need to be judged, in conjunction with an appropriate follow-up; craniofacial resection should be the standard of care for all patients with esthesioneuroblastoma.
In conclusion, excellent outcomes for esthesioneuroblastoma are achievable with multimodality treatment. Long-term follow-up of these patients is necessary because of the extended interval for recurrent disease, and unlike most sinonasal malignancies, surgical salvage is possible, with good outcomes.
